In order to verify the relationship between blood pressure and cerebral blood flow velocity in sub-clinical natural population, 1294 middle-aged and old Beijing rural residents were investigated in autumn 2002. For all subjects, systolic blood flow velocities (V s ) in common carotid artery (CCA), internal carotid artery (ICA) and middle cerebral artery (MCA) were detected with transcranial Doppler. Key factors such as anthropometry, medication use, blood pressure and blood biochemical analysis were investigated at the same time. After controlling for age, gender, diabetes, hypercholesterolaemia, smoking and body mass index, multivariate analysis showed that systolic blood pressure (SBP) correlated positively with V s at MCA and slight negatively correlated with at CCA. As blood pressure rose by 10 mm Hg, the V s at MCA increased by 1.63 cm/s. Duration of hypertension (HD) negatively correlated with V s at MCA (Po0.01). The V s at MCA in early-stage and chronic hypertensive patients were 92.971.9 and 84.172.3 cm/s, respectively. Antihypertensive treatment could modify the V s at MCA towards a normal level by lowering blood pressure. In conclusion, the effect of hypertension on cerebral blood flow is complex. V s at MCA positively correlated with SBP, but negatively related to HD. Antihypertensive treatment might be helpful to keep cerebral blood flow at a normal level.
Introduction
It is confirmed that long-term hypertension augments the age-related arterial stiffness, 1 and will consequently impact the dynamics of blood flow. Blood pressure as perfusion pressure influences cerebral blood flow directly. Several investigations provided evidence that cerebral blood flow velocity reduced in patients with cardiac failure. 2, 3 It is important to understand the effect of both duration of hypertension (HD) and blood pressure. This will be helpful to understand the cerebral haemodynamics and mechanism of the development of cerebral events. However, the dynamics of cerebral vascular response to blood pressure changes is still poorly understood.
Trans-cranial Doppler ultrasonography (TCD) is a non-invasive and reliable method to assess cerebral circulation. [4] [5] [6] Using TCD technique, some studies reported that velocity at middle cerebral artery (MCA) was significantly and inversely correlated with HD. 7, 8 Whereas, some studies showed that hypertension did not alter static and dynamic cerebral autoregulation. [9] [10] [11] [12] The aim of this study is to show how blood pressure, HD and antihypertensive treatment correlate to systolic blood flow velocities (V s ) at common carotid artery (CCA), internal carotid artery (ICA) and MCA in a large population before occurrence of stroke.
Materials and methods
In autumn 2002, all 1394 middle-aged and older people were supposed to be investigated in a country in Shijingshan district, Beijing, China. After excluding subjects currently suffering from stroke, acute myocardial infarction (AMI) and atrial fibrillation, 1294 subjects, 464 men and 830 women, aged 42-73 years were used in this study. This study was approved by the ethical committee of Chinese Academy of Medical Sciences.
After giving informed consent and following a 12 h fast, subjects went to a research clinic where they were questioned and examined. All participants were administered a standardized questionnaire, including questions regarding demography, medical history, drug use, etc. Three measurements of sitting blood pressure were made at 30 s interval with mercury sphygmomanometers and mean systolic and diastolic blood pressure (SBP and DBP) was recorded. Body height and weight were measured by one trained investigator. Blood samples were drawn between 0800 and 0930 hours after a 12 h fast, and were sent to a laboratory within 3 h for blood biochemistry measurement. All the participants received TCD examinations.
Biochemical assessment
Total cholesterol (TC) concentration was assessed by cholesterol oxidase-p-aminophenazone (CHOD-PAP) method. Fasting glucose levels were determined by the glucose oxidase-peroxidase (GOD-PAP) method. All the tests were made daily by HITACHI 7020 Automatic Analyzer in the Department of Epidemiology laboratory, Fu Wai Cardiovascular Disease Hospital, which is assessed every 3 months by American Center for Disease Control and Prevention and National Heart, Lung and Blood Institute, Lipid Standardization Program.
TCD examination
The subjects were studied in a supine resting state with their eyes closed. TCD examination was carried out by neurologists with experienced sonography, with ultrasound equipment (Model: PIONEER 2021 Inc.: nicolet/EME Companion II). The temporal window was used for studying MCA by a 2-MHz pulse-wave probe. The CCA and extracranial segment of ICA were insonated bilaterally by 4-MHz continue-wave Doppler probe. In this study, only peak V s of all extra/intracranial arteries were considered to reflect the relationship with established cardiovascular risk factors.
The stenosis of artery was defined if peak flow velocity was over 120 cm/s for extracranial artery or over 140 cm/s for intracranial artery according to the reports of Hwang et al. 13 and Gao et al.
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For quality-control assessment, 29 subjects were randomly sampled for repeated measurement of TCD for intra-and inter-observer reproducibility. The intra-observer correlation coefficients at ICA and MCA were 0.810 and 0.640, and the coefficients for inter-observer were 0.712 and 0.533, respectively.
Definitions
Hypertension was defined as SBPX140 mm Hg or DBPX90 mm Hg or use of antihypertensive drugs during the 2 weeks before the research examination. Early-stage hypertension was defined as HD less than 5 years, whereas chronic hypertension equal or larger than 5 years. Body mass index (BMI) was computed as body weight divided by height squared (kg/m 2 ). Lower weight, normal weight, overweight and obesity were defined as BMIo18.5, 18.5pBMIo24, 24pBMIo28 and BMIX28 kg/m 2 , respectively, according to the latest standard of overweight and obesity classification in China. 15 A subject was considered diabetic if he or she reported a medical history of diabetes or use of hypoglycaemic drug or had a fasting plasma glucose level X7.0 mmol/l. Hypercholesterolaemia was defined as TC X5.7 mmol/l or use of lipid-lowering drugs.
Statistical analysis
According to the cerebral artery stenosis criterion mentioned above, a preliminary analysis of the Doppler velocities in our study was performed and found no more than 5% unilateral stenosis in the CCA, ICA and MCA. 13, 14 In order to make consistent conclusions for bilateral arteries, we used bilateral averaged blood flow velocity for each arterial branch in the following analysis. Multivariate General Linear Model in SPSS10.0 was used to analyse the correlation of systolic cerebral blood flow velocities with SBP and HD, with age, gender and other major cardiovascular risk factors as controlling variables. Comparisons of the marginal means of velocities between different levels of blood pressure and HD were also derived from this multivariate model. Quantitative variables were considered preferable whenever linear trends existed between Doppler velocities and the same variables in ordinal form.
Results
A total of 1294 subjects, aged 42.8-73.6 years, were studied in this study. Table 1 shows the subjects' characteristics. Among all the subjects, 64.1% were female, 8.0% had diabetes, 69.3% were overweight or obese, 37.5% had hypercholesterolaemia, 41.7% had hypertension and 38.1% of the hypertensive patients received antihypertensive drugs within 2 weeks. Among the 540 subjects with hypertension, 43.9% were early-stage hypertension (o5 years), 32.6% were chronic hypertension (X5 years) and 23.5% cannot provide whether or when he/she got hypertension. Thirty-six (3.3%) of the 1294 participants had inadequate measurements in one of two MCAs mainly because of inadequate temporal acoustic windows.
Without controlling for other factors, Figure 1 showed that V s at CCA in male was larger than that in female, but no such difference was found for ICA and MCA. At all studied cerebral arteries, V s were lower in the older age group. V s were lower in high SBP group at CCA, but higher in high SBP group at MCA. In hypertensive patients, no significant difference displayed on V s between patients with or without antihypertensive treatment and patients with longer or shorter HD. Figure 2 showed the trend of marginal mean V s at CCA, ICA and MCA with advancing SBP. After controlling for age, gender, diabetes, hypercholesterolaemia, smoking and BMI, multivariate analysis showed that SBP correlated with V s positively at MCA (Po0.01), slight negatively at CCA (Po0.01), but no relationship was found at ICA. From o120 to X160 mm Hg group, the velocity at MCA increased from 85.8 to 97.8 cm/s. When SBP was used as continuous variable, parameter estimate showed that the regression coefficients of SBP were 0.163 (Po0.01) for the velocities at MCA. This means, when SBP rises by 10 mm Hg, the velocities at MCA will increase by 1.63 cm/s. Similar results can be seen when only age and gender were controlled. Figure 3 Figure 4 illustrated the interactive effect of SBP and HD on V s at MCA much clearly. Apart from the subjects with SBP o120 mm Hg, V s at MCA positively correlated with SBP (Po0.01). To each SBP group of subjects, however, early-stage hypertensive patients had significantly higher V s than that of chronic patients (Po0.05). The difference ranged from 5.2 to 9.6 cm/s, similar to the difference shown in Figure 3 (model 1) . It can be seen in Figure 4 that normal level of V s at MCA might reflect a real normal state, or might be the result of synthetical effect of hypertension and HD.
A multivariate analysis was made to show the effect of antihypertensive treatment and blood pressure on V s at MCA (Table 2 ). After adjusting for gender and age, the analysis showed that the main effect of current blood pressure status to the V s at MCA was much significant (Po0.01), with nearly 10 cm/s difference from normal blood pressure to stage 2 hypertension. The difference between participants with and without treatment in each subgroup of blood pressure status was about 3 cm/s (P40.05). Obviously, it is the blood pressure that influences V s at MCA most, and antihypertensive treatment could modify the V s at MCA towards a normal level by lowering blood pressure.
Discussion
Our study only examined subjects without stroke, AMI and atrial fibrillation because we wanted to determine the relationships between hypertension and sub-clinical evidence of cerebral arterial pathology in nature situation. Aside from important information about pathophysiology, we hope that our findings may shed light on understanding the effect of hypertension on cerebral blood flow, and lead to more effective application of TCD and/or other tests for the early detection of stroke risk.
Most established cardiovascular risk factors have proved correlated with cerebral haemodynamics. Studies have shown that there is sex difference in cerebral dynamics. [16] [17] [18] The MCA blood flow velocity decreased significantly with age. 16, 17, 19, 20 Slight correlation was found in Korean between diabetes and velocity at ICA. 21 The Northern Manhattan Stroke Study showed that abdominal obesity is an independent, potent risk factor for ischaemic stroke in all race-ethnic groups. 22 In order to avoid the influence of these factors, most established cardiovascular risk factors were controlled in this study, which is based on the relatively large sample size. Abbreviations: BMI, body mass index; HD, duration of hypertension; SBP, systolic blood pressure; TC, total cholesterol.
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After adjusted by gender, age and other cardiovascular risk factors, SBP was found to correlate positively with V s at MCA, slight negatively with V s at CCA, but no correlation was found at ICA (Figure 2 ). This is understandable because blood flow is motivated by blood pressure and obstructed by distal resistance at the same time.
As shown in Figure 3 , we found that the V s at MCA in chronic hypertensive patients (HDX5 years) was lower than the normotensives and early-stage hypertensives (HDo5 years). In hypertensive patients with SBP over 120 mm Hg, Figure 4 also revealed the positive relationship of SBP and negative relationship of HD to V s at MCA. In most time, however, this negative effect of HD might be enshrouded by the effect of SBP (Figures 1 and 4) . Similar results were seen in Korea and Japan's studies, 7, 8 although there was also a study showing that the velocity in the MCA did not differ significantly between normal and hypertensive subjects at rest.
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Our study also clearly showed that it is the blood pressure that influences V s at MCA most, and antihypertensive treatment could modify the V s at MCA towards a normal level by lowering blood pressure. This may suggest that antihypertension The results of ours and others mentioned above seem to indicate that SBP correlated positively with V s at MCA and slight negatively correlated with V s at CCA; HD inversely correlated with the blood flow velocity at MCA, which may be owing to the increase of distal cerebrovascular resistance; 8 normal level of V s at MCA might reflect a real normal state, or might be the result of synthetical effect of hypertension and HD. Antihypertensive treatment might be helpful to keep cerebral blood flow at a normal level.
In this study, only systolic cerebral blood flow velocity could be recorded because of limited time at this large epidemiological investigation field.
What is known about this topic? K The MCA blood flow velocity decreased significantly with age but positively correlated with blood pressure. K Some relative small studies reported that velocity at MCA was inversely correlated with HD.
What this study adds? K SBP was positively correlated with systolic blood flow velocity at MCA, but correlated slightly and negatively with the velocity at CCA. K HD did negatively related to the systolic blood flow velocity at MCA. K Effective antihypertensive treatment might help to keep cerebral blood flow at a normal level due to its blood pressurelowering effect. K The effect of SBP and HD to the velocity at ICA could not be detected.
Abbreviations: CCA, common carotid artery; HD, duration of hypertension; ICA, internal carotid artery; MCA, middle carotid artery; SBP, systolic blood pressure.
